Although the basic anatomy of the spine shows many similarities in all vertebrates, idiopathic scoliosis has never been observed in vertebrates other than humans. Previously, the authors demonstrated that the fully upright posture, which is unique to humans, significantly alters spinal loading conditions [1]. In the more horizontally positioned animal spine, shear loads are mainly ventrally directed and are counteracted by the facet joints and the posterior pull of muscles and spinal ligaments. The facet joints not only counteract ventral shear loads, but also play an important role in providing rotational stability to the spine [2]. In humans, unlike other vertebrates, it was shown that the dorsally inclined lower thoracic and high lumbar parts of the spine are subject to dorsally directed shear loads [1]. In the present study, it was hypothesized that dorsal shear loads render the facet joints less operative in their rotational control, possibly facilitating rotational instability of the spine. Therefore, the aim of this study was to investigate if a significant difference exists between axial vertebral rotation occurring under dorsal and ventral shear loads.
Introduction:
Although the basic anatomy of the spine shows many similarities in all vertebrates, idiopathic scoliosis has never been observed in vertebrates other than humans. Previously, the authors demonstrated that the fully upright posture, which is unique to humans, significantly alters spinal loading conditions [1] . In the more horizontally positioned animal spine, shear loads are mainly ventrally directed and are counteracted by the facet joints and the posterior pull of muscles and spinal ligaments. The facet joints not only counteract ventral shear loads, but also play an important role in providing rotational stability to the spine [2] . In humans, unlike other vertebrates, it was shown that the dorsally inclined lower thoracic and high lumbar parts of the spine are subject to dorsally directed shear loads [1] . In the present study, it was hypothesized that dorsal shear loads render the facet joints less operative in their rotational control, possibly facilitating rotational instability of the spine. Therefore, the aim of this study was to investigate if a significant difference exists between axial vertebral rotation occurring under dorsal and ventral shear loads.
Materials and Methods: Specimens and Specimen Preparation.
A total of 7 fresh-frozen porcine cadaveric spines and 7 fresh-frozen human cadaveric spines were obtained for this study. Human specimens could be obtained from adults (mean age 66 years, range 51-85 years); immature porcine specimens (mean weight 58.1 kg, range 56-61 kg) served as a model for the immature human spine. Each specimen was sectioned to obtain 2 thoracic functional spinal units (FSUs), 1 from the mid and 1 from the lower thoracic spine. At both sides of each FSU, 2 cm of the ribs were preserved, including the costotransverse articulations.
Experimental Procedure. The upper and lower vertebrae were both embedded in aluminum cups. All articulating parts were kept free. A plastic marker containing 3 LEDs was fixed to the anterior surface of each vertebral body. The test rig consisted of a horizontally positioned table that could slide in the axial direction of the spine, and a vertically positioned table that could slide in the shear direction. Shear loads were applied directly to the sliding table of the upper vertebra by a hydraulic testing machine. The lower vertebra was rigidly fixed to the horizontal table; 2 bearings allowed low-friction axial rotation of the upper vertebra along the anatomic spinal axis. The FSU was preloaded with a compression force (Fc) of 500 N (Fig. 1) . Shear loads (Fs) were randomly applied to the upper vertebra at 3 positions: (1) in the midsagittal plane (centrally); (2) at 1 cm to the right; and (3) at 1 cm to the left of the midsagittal plane (eccentrically) (Fig. 1) . The applied loads were 50, 100, and 150N. Vertebral rotation was measured by an automated optoelectronic 3D movement registration system. Statistics. For each combination of load magnitude and point of application, the effects of dorsally directed shear loads were compared with the effects of ventrally directed shear loads using a paired t-test. A P-value of less than 0.01 was considered to be statistically significant.
Results:
In the immature porcine as well as in the mature human specimens, dorsally and ventrally directed shear loads applied in the midsagittal plane of the spine did not induce relevant vertebral rotation. When shear loads were applied eccentrically, a rotary moment was introduced to the FSU. At mid and lower thoracic levels, significantly more vertebral rotation occurred under dorsal shear loads than under ventral shear loads (P < 0.01) (Figs. 2 and 3) . Under the same loading conditions, more rotation was observed in the immature than in the mature spinal segments. Discussion: Our study shows that the thoracic spine is less rotationally stable under dorsal shear loads than under ventral shear loads. We assume that dorsal shear loads working on the dorsally inclined segments of the growing immature human spine can, if they exceed a certain threshold, render the facet joints less operative in their rotational control and may induce rotation of the spine. If progressive, these dorsal shear loads not only reduce rotational stability, but also can enhance a slight pre-existent vertebral rotation, as is the case in the normal spine [3] . According to the law of Hueter-Volkmann, asymmetric loading of vertebrae will lead to asymmetric growth in all three planes of the vertebrae, resulting in a progressive scoliotic deformation of the spine. Asymmetrical loading of growing vertebrae has been shown to result in AIS-like deformities in animals [4] , and could explain the development and progression of the deformity in humans.
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